A B S T R A C T The effect of variations in the concentration of free fatty acids (FFA) on the binding of thyroid hormones in serum has been studied in 20 euthyroid subjects and 19 thyrotoxic patients. In the euthyroid group, neither the pronounced decreases in FFA induced by the oral administration of glucose or the intravenous administration of nicotinic acid, nor the marked increases in FFA which followed the administration of nicotinic acid or 2-deoxyglucose were accompanied by significant changes in the per cent of free thyroxine (T4), the protein-bound iodine (PBI), the per cent of endogenous To bound by the T4-binding globulin (TBG) or Ti-binding prealbumin (TBPA), or the resin sponge uptake of triiodothyronine (Ts).
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In the thyrotoxic group, the decline in FFA concentration which followed glucose administration was accompanied by slight, but statistically significant, decreases in the PBI and both the per cent and absolute concentration of free T^. Such changes might have been indicative of an increased intensity of T4 binding secondary to the decrease in FFA. The serum PBI was decreased, however, a change contrary to that which would be expected to follow an increase in the intensity of T4 binding. Furthermore, comparable changes in free To and PBI did not accompany the decrease in FFA induced by the administration of insulin. Neither manipulation significantly affected the protein binding of endogenous T4 or the resin sponge uptake of T3. It is concluded that within a wide physiological range of concentration, FFA do not significantly influence the
INTRODUCTION
Hollander and coworkers have presented data which suggest that unesterified or free fatty acids (FFA) in plasma may compete with thyroxine (Ti) -binding sites on serum proteins and may, in this way, affect the intensity of To binding (1) . These workers found that when normal subjects were given a fat meal followed by heparin, the expected increase in the concentration of FFA, often to values exceeding 2000 25 and 55 yr. Of these, 16 were nonhospitalized and four were convalescent in-hospital patients. All were free of known disease, save for one subject who was receiving diphenylhydantoin for a convulsive disorder. Similar studies were also carried out in nine male and 10 female patients with thyrotoxicosis, in whom the diagnosis was established on the basis of conventional clinical and laboratory criteria. Most patients were hospitalized for study in either the Harvard Clinical Research Center, Boston City Hospital, or at the St. Elizabeth's Hospital. These patients were kept recumbent after awakening until studies had been completed. A few studies were conducted in out-patients who were rested for at least i hr before studies were initiated. All studies were conducted in the morning with the patients in a fasting state.
The following methods were employed to alter the concentration of FFA. 30 min later (immediately after its completion), as well as 120 and 150 min after the infusion was started. Sera were quickly separated and, with rare exception, were analyzed for free T, and FFA on the same day as the test. In the few instances in which this was not true, sera were quickly frozen for subsequent analysis. Serum FFA concentration was determined by the modified method of Dole and Meinertz (3, 4) . The per cent of free T. in serum was measured in undiluted serum by the resin-dialysis method described in detail elsewhere (5) . Serum PBI was measured by a modification of the method of Zak (6) . Resin sponge uptake of 'I-labeled triiodothyronine was performed at room temperature (Abbott Trisorb, Abbott Laboratories, North Chicago, Ill). The distribution of small, tracer concentrations of T. among the serum proteins ("endogenous" distribution) was assessed by reverse-flow electrophoresis in glycine-acetate buffer, pH 8.6. The specimens employed were aliquots of the same sera which had been enriched with 'I-labeled hormone for the measurement of free T4. Results obtained were analyzed by Students t test and the paired t test, according to methods described by Snedecor (7). 
RESULTS Effect of glucose in euthyroid subjects. Glucose (75 g) was administered orally to 12 euthyroid patients who had been fasted overnight. Serum FFA concentrations before glucose administration averaged 521 ±215 /Eq/ liter (mean +SD). After administration of glucose, mean FFA decreased to 49% of the control value at 1 hr (12 patients), 44% at 2 hr (seven patients), and 52% at 4 hr (nine patients). Despite these pronounced decreases in serum FFA concentration, the proportion of free T4 was unchanged, averaging 97, 95, and 97% of control values at 1, 2, and 4 hr, respectively (Fig. 1) . Table I presents the results obtained with respect to FFA, protein-bound iodine (PBI), per cent of free T4, and concentration of free T4 in control specimens and in those sera which demonstrated the greatest decrease in FFA concentration after the administration of glucose. When analyzed in this manner, the data revealed a mean maximum decrease in FFA of approximately 62%, despite which the PBI and both the per cent and concentration of free To were unchanged (paired t test). In the same specimens of serum, the proportion of endogenous T4 associated with T4-binding globulin (TBG) averaged 58.8 ±7.8% in control samples and 59.1 +7.9% in specimens containing the lowest concentration of FFA. The per cent of endogenous T4 associated with T4-binding prealbumin (TBPA) in these specimens averaged 31.9 ±5.9 and 31.3 ±6.3, respectively. Values for the resin sponge uptake of Ts averaged 30.3% in both groups of samples.
Effect of nicotinic acid in euthyroid subjects (Table  II) ,ug/100 ml. None of the changes in PBI were significant when judged by the paired t test. In the three groups of specimens, small differences in mean values for the concentration of free TI, of unlikely physiological significance, were seen. The proportion of endogenous T. associated with TBG during filter paper electrophoresis averaged 56.5 ±4.8, 55.3 +-5.0, and 55.1 ±6.0% at 0, 60, and 180 min, respectively. In the same specimens, the (Fig. 1) . Control Significantly different from mean in group for which no SEMD shown; paired t test; P < 0.01. § Significantly different from mean in group for which no SEMD shown; paired t test; P < 0.02.
Significantly different from mean in group for which no SEMD shown; paired t test; P < 0.001. ¶ Significantly different from mean in group for which no SEMD shown; paired t test; P < 0.05.
Free Fatty Acids and Thyroxine Binding and absolute concentration of free T. in control specimens and in those sera which displayed the greatest decrease in FFA after glucose administration. When analyzed in this way, the data revealed a mean maximum decrease in FFA of approximately 74%. This major change in FFA was associated with small but significant decreases in serum PBI and in both the per cent and absolute concentration of free T4. Changes in these functions were of the order of magnitude of 10%, on the average. In the same specimens for which values are shown in Table III ptEq/liter) are markedly higher than those usually en-countered in clinical practice. Second, it seemed possible that heparin itself might be at least partly responsible for the changes in free To seen, since the red blood cell uptake of Ts is said to be increased in patients receiving heparin (10) . We therefore undertook the present studies in which a variety of other means were used to produce changes in FFA concentrations which, although pronounced, were within the range usually encountered during normal physiological responses or during most disease states. These studies indicate that, within wide limits, pronounced changes in FFA in the serum of normal subjects are not associated with evidence of altered protein binding of T.. In euthyroid subjects, glucose was employed to decrease serum FFA in 12 instances (11 ) and nicotinic acid in four ( 12) . Pronounced increases in serum FFA concentration were induced in eight patients, four during the rebound following nicotinic acid administration (12) and four by the administration of 2-deoxyglucose (13) . None of these manipulations significantly altered the per cent or absolute concentration of free T4 or the serum PBI. Furthermore, these wide variations in serum FFA were unaccompanied by significant changes in the in vitro resin sponge uptake of 'I-labeled Ts, or the distribution of endogenous To among the serum proteins, as assessed by filter paper electrophoresis.
In view of these negative findings, similar studies were conducted in patients with active thyrotoxicosis, the rationale being that in this disorder the decreased overall intensity of T. binding, reflected in abnormally high values for the proportion of free T4, might facilitate the demonstration of any changes in free T. associated with changes in the concentration of FFA. Furthermore, the increase in fasting serum FFA concentration which occurs during the thyrotoxic state might itself contribute to the increased proportion of free T4. If this were true, an induced decrease in FFA should be associated with a clear decrease in the per cent of free T4. In 15 patients with thyrotoxicosis given glucose, the pronounced decrease in FFA induced by glucose (average maximum decrease 74%) was associated with an average decrease of approximately 10% in the proportion of free T4. Although a decrease in per cent of free To was by no means a constant accompaniment of the decrease in FFA concentration attendant upon glucose administration, the most marked decreases in the per cent of free To were seen in the sera of the three patients in whom the initial FFA concentrations were the highest. Superficially, it might appear that these findings are in support of the hypothesis that FFA inhibit the binding of To in serum and thereby increase the proportion of unbound hormone.
However, the decrease in per cent of free T4 which accompanied the decrease in FFA was also associated with a decrease in PBI. An increase in PBI would have been expected had the decrease in FFA produced an increased intensity of To binding. Hence, it is possible that the
